Small interfering RNAs (siRNAs) are being used to induce sequence-specific gene silencing in cultured cells to study mammalian gene function. Libraries of siRNAs targeting entire human gene classes can be used to identify genes with specific cellular functions. Here we describe high-throughput siRNA delivery methods to facilitate siRNA library screening experiments with both immortalized and primary cells. We adapted chemical reverse transfection for immortalized adherent cell lines in a 96-well format. The method is fast, robust, and exceptionally effective for many cell types. For primary cells and immortalized cells that are recalcitrant to lipofection-based methods, we developed electropermeabilization (electroporation) conditions that facilitate siRNA delivery to a broad range of cell types, including primary human T-cells, hMSC, NHA, NDHF-Neo, HUVEC, DI TNC1, RPTEC, PC12, and K562 cells. To enable high-throughput electropermeabilization of primary cells, we developed a novel 96-well electroporation device that provides highly efficient and reproducible delivery of siRNAs. The combination of highthroughput chemical reverse transfection and electroporation makes it possible to deliver libraries of siRNAs to virtually any cell type, enabling gene function analysis and discovery on a genome scale.
INTRODUCTION
RNA interference (RNAi), a form of post-transcriptional gene silencing induced by introduction of double-stranded RNA (dsRNA), has become a powerful experimental tool for studying gene function. The RNAi phenomenon was first discovered in Caenorhabditis elegans and is characterized by sequencespecific gene silencing elicited by introduction of dsRNA (Fire et al. 1998; Elbashir et al. 2001) complementary to a target mRNA. In the endogenous RNAi pathway, long dsRNA is cleaved by the RNase III type endonuclease, Dicer, to produce 21-23 base pair (bp) short interfering RNAs. The siRNAs are in turn unwound and incorporated into a multiprotein complex known as the RNA-induced silencing complex (RISC), generating a sequence-specific nuclease that guides the cleavage of specific complementary mRNAs. In mammalian cells, direct introduction of siRNAs is used to experimentally initiate RNAi, because introduction of long dsRNA induces a potent antiviral response in addition to RNAi (Hammond et al. 2000) .
Because of its ease of use, RNAi has been rapidly adopted for functional genomics, pathway analysis, and drug target validation experiments, and is now being used in highthroughput experiments with large numbers of siRNAs, or siRNA libraries (Sachse and Echeverri 2004; Ren et al. 2004; Silva et al. 2004; Xin et al. 2004) . A key to all successful siRNA experiments is efficient delivery of the siRNA into cells and subsequent uptake of the siRNA by the RISC. RNAi can be successfully elicited in mammalian cells using exogenously derived siRNA only when the correct method and matrix of delivery conditions are employed for the cell type being used (Caplen et al. 2001; Elbashir et al. 2001; Harborth et al. 2001) .
High-throughput delivery of siRNAs remains a challenge for many laboratories due to the variability of cell culture and transfection efficiency in 96-and 384-well plate formats. To overcome this variability, we adapted a procedure termed reverse chemical transfection, or transfection in suspension (Amarzguioui 2004) , to facilitate the transfection of hundreds or thousands of siRNAs comprising an siRNA library. We found chemical transfection to be restricted primarily to immortalized cell lines like HeLa, HepG2, A549, and others. Efficient transfer of siRNAs into primary cells by chemical transfection has so far been restricted to only a few cell types (Olivera and Goodell 2001; Laderach et al. 2003) . Nevertheless, primary cells are often desired for gene silencing experiments because they better model their in vivo counterparts than immortalized cells. An alternative to chemical transfection-mediated nucleic acid delivery, electroporation, typically provides higher transfection efficiencies in primary cell types (Olivera and Goodell 2001; Walters and Jelinek 2002; Weil et al. 2002; Dunne et al. 2003; Jiang et al. 2003; Wilson et al. 2003) . Electroporation involves applying an electric field pulse to induce transient cell membrane permeability via the formation of microscopic pores (electropores) in the cell membrane. These electropores allow molecules, ions, water, and nucleic acids to traverse the membrane. If the electric field pulse has the proper characteristics, the ''electroporated'' cells recover and continue to function normally. Although advances have been made in electroporation equipment and protocols (Chu et al. 1987; Yan et al. 1998; Gehl 2003; Herweijer and Wolff 2003) , it largely remains a process for single-sample RNA and DNA delivery. We have created a device and associated protocols that enable the delivery of siRNAs to as many as 96 samples at a time. The 96-sample electroporator was extensively characterized to ensure its applicability to siRNA library screening.
RESULTS
As a precursor to performing gene function screens using libraries of siRNAs, we tested a variety of methods for delivering active siRNAs to immortalized and primary cells. We found that the best approach for primary cells is quite different than for immortalized adherent cells. Methods for both cell types are presented below.
High-throughput delivery for immortalized cells chemical reverse transfection
Small interfering RNAs can be transiently transfected into immortalized cell lines using chemical transfection reagents such as cationic liposomal and polyamine-based agents. Most published siRNA studies have involved the analysis of no more than a few genes with transfections in six-well and 24-well formats. We adapted the reverse transfection method (Amarzguioui 2004) to facilitate the rapid and robust delivery of siRNAs in 96-well and 384-well plates (Fig. 1) . The reverse transfection method involves simultaneous mixing of siRNAs with transfection reagent in the wells of 96-well or 384-well plates. Adherent immortalized cells that have been detached by trypsinization and suspended in medium are added to the wells with the transfection complexes. Tissue culture plate(s) with cells, transfection complexes, and media are placed in an incubator to allow the cells to adhere to the surface of the plate.
SiRNAs enter the cells during the first 24 h of incubation and significantly reduce target mRNA expression. If the viability of the cells being transfected is significantly affected at 24 h post-transfection, the level of cytotoxicity can be decreased by changing the growth medium and eliminating redundant exposure of cells to transfectant (Table 1) .
There are three important components of a successful siRNA library screen that are directly related to delivery: transfection efficiency, reproducibility, and cell viability. High transfection efficiency maximizes the reduction in target gene expression and improves the likelihood that a significant phenotype will be observed. High reproducibility of the siRNA delivery between wells and between plates typically reduces the variability of the quantitative phenotypic results and improves the resolution of the screening data. High cell viability increases the specificity of the siRNA effect, further improving the likelihood that significant phenotypic differences will be observed in the screen. Cytotoxicity induced by the delivery method will alter the biochemistry of the cells and might influence the identities of the siRNAs that produce distinct phenotypes. We characterized the transfection efficiency, reproducibility, and cell viability of the high-throughput reverse transfection procedure. 
High-throughput reverse transfection efficiency
To measure siRNA delivery, we mixed well characterized siRNAs targeting GAPDH, p53, and JAK1 with transfection reagent in the wells of a 96-well plate. Five different cell lines were harvested and added to the siRNA-lipid complexes. Forty-eight hours post-transfection, we monitored GAPDH mRNA levels by real-time RT-PCR. As shown in Figure 2 , the reverse transfection method provided significant reduction in GAPDH, JAK1, and p53 mRNA in all five cell types when using only 10 nM siRNA. In general, 30 nM siRNA was sufficient to achieve maximal target gene reduction of genes: GAPDH, MMP-2, JAK1, P53, Cyclin E1, STAT1, PKCa, Cyclin D1, CDK2 and RAF 1, while at least 100 nM siRNA was required to induce the same reduction when using a standard transfection method (cell plating followed 24 h later with the addition of transfection complexes). This observation suggests that cells that have adhered to a surface are less compatible with lipid-induced siRNA delivery, perhaps because the cell membrane is less exposed to the siRNA-lipid transfection complexes in the surrounding medium (data not shown).
Another notable benefit of chemical reverse transfection is the broad range of cell numbers that could be reverse transfected. While standard transfection is limited to transfecting 5000-10,000 cells per well on a 96-well plate with high transfection efficiency (>70% reduction in GAPDH mRNA expression level by real-time RT-PCR), reverse transfection exhibited similar reductions in target GAPDH mRNA expression when transfecting 5000-25,000 cells per well (data not shown).
Reproducibility of chemical reverse transfection
While testing the transfection efficiency of the reverse transfection procedure in 96-well plates, we noted that the reductions in GAPDH mRNA in wells having the same amount of siRNA were extremely consistent. To confirm this reproducibility, we reverse transfected cells in eight wells of each of three different 96-well plates with 10 nM GAPDH siRNA. Two days later, we repeated the experiment with three more 96-well plates. Analysis of GAPDH mRNA expression 48 h post-transfection revealed that the reverse transfection procedure is indeed highly reproducible (Fig. 3) . We also tested the reproducibility of reverse transfection in the context of an siRNA library screen by measuring the reduction in target mRNA expression in positive control siRNA wells present on each plate. As above, the reduction in gene expression across seven 96-well plates comprising a medium-scale siRNA screen consistently exceeded 95% (data not shown).
Cell viability associated with reverse transfection
To ensure that reverse transfection does not cause undue stress on the treated cells, we measured the viability of cells reverse transfected under a broad range of conditions. Although slight reduction in cell viability was observed in reverse-transfected cells at the higher siRNA concentrations, there was no distinguishable difference in the health of the cells when we used siRNA concentrations of 30 nM or less. We suspect that the increased cytotoxicity at higher siRNA concentrations relates to the increased transfection efficiency of the method; we observe the same level of cytotoxicity when using standard transfection to deliver more than 100 nM siRNA (data not shown). www.rnajournal.org 987
High-throughput delivery for primary cells-96-well electroporation
For primary cells, suspension cells, and difficult to transfect immortalized cells, we have found electroporation to be an extremely efficient alternative to chemical transfection for siRNA delivery. To date, mammalian cell electroporation has been used primarily to transfer plasmid DNA into cell nuclei to facilitate exogenous gene expression. The long electrical pulses required to transfer DNA through the cellular and nuclear membrane induce significant cell mortality; thus electroporation is often associated with massive cell death (Fig. 4) . Because siRNAs are smaller and only need to be delivered into the cellular cytoplasm to be active, a higher applied external field and shorter electropulse duration can be used to ensure efficient siRNA delivery. These pulse conditions induce significantly less cell toxicity than typical plasmid electroporation conditions. We used electroporation to deliver siRNAs to nine different cell types, and we found the procedure to consistently provide >70% reduction in target mRNA expression and >70% cell viability (Fig. 5 ). For several cell types, the transfection efficiency and cell viability exceed 90%. It is worth noting that the optimal electroporation conditions are specific for every cell type ( Table 2 ). The three key parameters that influence square wave electroporation efficiency are pulse-length, voltage, and number of pulses. Peak voltage and pulse length are cell type-specific parameters, while number of pulses can be modulated to achieve the desired ratio of electroporation efficiency to cell viability (see Supplementary Data at http://www. ambion.com/techlib/data/RNA.pdf).
Time-course studies using electroporation followed by real-time PCR revealed that target mRNA levels are reduced as soon as 6 h after electroporation; maximum reduction of mRNA levels is achieved 24-48 h after electroporation, depending on the cell type and expression level of the target gene. Analysis of target protein expression revealed that protein reduction slightly lagged mRNA reduction and that maximal protein reduction occurred 48-72 h post-electroporation (data not shown). To determine expression levels of active siRNA in electroporated cells, and to correlate knockdown of target mRNA with a reduction in the corresponding protein levels, GAPDH knockdown was triggered by electroporating primary HUVEC cells with siRNA targeting GAPDH (see Supplementary Data at http://www.ambion.com/techlib/data/ RNA.pdf). A reduction of GAPDH expression was observed at both the mRNA and protein levels in these cells, but not in HUVECs electroporated with nonsilencing siRNA. No variation in expression level was detected in a nontarget mRNA (b-actin), small RNAs (mir-16, 5S rRNA, 5.8S rRNA), or the control protein (Ku).
To enable high-throughput delivery of siRNAs to primary cells, we developed an instrument with the capacity to delivery siRNAs to as many as 96 samples at a time. The 96-well electroporation device features two gold-plated electrode plates, the lower with 96 concave sample wells and the upper with 96 convex protrusions. Cells, siRNAs, and a low-conductivity electroporation buffer are added to the lower, concave plate using a multichannel pipetter. The upper, convex plate is then snapped onto the bottom plate, connecting the lower plate and the upper plate via the sample. The siRNA/cell samples are constrained laterally by their own surface tension between the upper and lower electrodes. The 96-well electroporation device is powered by a Gene Pulser Xcell electroporator power supply. Since the electrode plates are made from large blocks of metal, there is no delay or decrease in the applied electrical pulse Table 2 were used to deliver siRNA into seven primary cell types: human primary T-cells (T-cells), human mesenchymal stem cells (hMSC), normal human astrocytes (NHA), normal human dermal fibroblasts-neonatal (NHDF-Neo), rat astrocytes (DI TNC1), normal human umbilical vein endothelial cells (HUVEC), normal human renal proximal tubule cells (RPTEC), and two immortalized cell lines-K562 (human erythroleukemia cells) and PC12 (rat pheochromocytoma) cells. An siRNA targeting GAPDH or nonsilencing sequence siRNA (1.5 mg) was electroporated into each cell type. Fortyeight hours post-electroporation, the cells were harvested and analyzed by real-time RT-PCR for GAPDH mRNA and 18S rRNA levels. 18S rRNA levels were used to normalize GAPDH expression. ''Remaining mRNA (%)'' was calculated as a percentage of GAPDH mRNA levels in cells electroporated with GAPDH siRNA relative to cells electroporated with nonsilencing siRNA. Electroporations were performed in duplicate. Data are presented as means 6 SD. between samples; each sample receives an identical pulse. An internal resistor protects the power supply from high peak currents.
This system was used for high-throughput electroporation with delivery parameters identified previously (Table 2) for primary NHDF-neo cells. To demonstrate consistent functionality of electroporated siRNA and to assess well-to-well reproducibility, a GAPDH siRNA (48 samples) or nonsilencing siRNA (48 samples) was simultaneously electroporated. Forty-eight hours after electroporation, total RNA was isolated from each of the cell populations and assayed for 18S rRNA and GAPDH mRNA using real-time PCR. The GAPDH levels were normalized between samples using the 18S rRNA Ct values. As shown in Figure 6 , GAPDH mRNA was reduced by 92%-96%, with an average reduction of 94.8%, CV=18.9%. In addition, cell viability remained above 85% across the plate (Fig. 6) . These results indicate that the 96-well electroporator is highly reproducible. Unlike other electroporation protocols which often require a minimum of 200,000 cells to achieve acceptable delivery and enough viable cells for analysis, we found that the combination of the 96-well device and accompanying electroporation facilitates experiments with as few as 25,000 cells per reaction.
We used the 96-well electroporator with siRNAs to reduce target gene expression in eight cell types: primary human T-cells, normal human dermal fibroblasts-neonatal (NHDF-Neo), renal proximal tubule cells (RPTEC), human mesenchymal stem cells (hMSC), normal human umbilical vein endothelial cells (HUVEC), mouse embryonic fibroblasts (MEF), rhesus monkey stem cells (RMSC), and acute T-cell leukemia (Jurkat) cells. Consistent with single-cuvette electroporation, target gene expression is reduced within the population by >70% and cell viability exceeds 70% in all cell types (data not shown). Gene silencing was induced in primary NHDF-neo cells by several different siRNAs targeting Cyclin D1, NFKBp65, STAT1, PKCa, JAK1, RAF1, and MMP2 (Fig. 7) .
Application of high-throughput siRNA delivery
Using the high-throughput, chemical reverse transfection method, we delivered 174 siRNAs targeting 58 individual human kinases (three distinct siRNAs per target gene) plus positive and negative control siRNAs into HeLa cells. 
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Transfections were done in triplicate. We assessed knockdown efficiencies across the multiplate screen using realtime RT-PCR. The positive control siRNAs on each plate provided at least 95% reduction in specific mRNA expression with a CV of 25%. Seventy-two hours after transfection, cell proliferation was measured using an alamar blue assay. Individual data points were compared to that generated by a nonsilencing siRNA (Fig. 8) . The screen identified several kinases whose down-regulation either inhibited or enhanced cell proliferation (Table 3 ). Worth noting is that for several genes, the phenotypes induced by each of the three different siRNAs were subtly or even significantly different. We measured the efficacies of the siRNAs for these genes and found that target mRNAs for each gene were reduced to similar levels (data not shown). Given that siRNAs can target unintended genes (Jackson and Linsley 2004) , we suspect that regarding the cases in which only a single siRNA caused an effect, the siRNA targeted a gene essential for cell proliferation in addition to the intended kinase. More interesting are the genes for which two or three siRNAs induced a cell proliferation defect. These genes represent kinases that are involved in cell proliferation. In fact, several genes, such as CDK7, CDK11, CDK2, CDC2L1, and RAGE have already been implicated in the cell cycle (Pagano et al. 1992; Liang et al. 2003; Shi et al. 2003; Brizzi et al. 2004; Feng et al. 2004 ).
DISCUSSION
Double-stranded RNA library screening has enabled the classification of genes involved in apoptosis, phagocytosis, cell proliferation, cell cycle, p53-mediated senescence, cell morphogenesis, cytokinesis, and signaling (Sachse and Echeverri 2004; Somma et al. 2002; Kiger et al. 2003; Lum et al. 2003; Pearson et al. 2003; Berns et al. 2004; Ren et al. 2004; Silva et al. 2004; Xin et al. 2004 ).
The availability of libraries of siRNAs has made it possible to evaluate the effects of sequentially reducing the expression of individual genes on cellular processes. Key to the effective use of siRNA libraries in screening studies are procedures that enable hundreds or thousands of active siRNAs to be delivered to cells with high efficiency while minimizing toxicity in the cells associated with the delivery method. There are several existing approaches for screening large libraries of dsRNA in mammalian cells. First, individual siRNAs can be transfected in a multiwell format using standard transfection methods with preplated cells. Alternatively, an array-based platform has been described wherein siRNAs are spotted on a slide, to which cells are added and transfected (Ziauddin and Sabatini 2001; Chang et al. 2004; Redmond et al. 2004) . Transfection arrays are well suited to high-throughput RNAi screening, except for experimental variability, caused by the small number of transfected cells and the limited number of cell lines that have been reported to have transfection efficiencies high enough to be used in this application.
FIGURE 8. Screening for siRNAs that differentially affect cell proliferation. HeLa cells (5000 cells/well) were plated in 96-well plates simultaneously with addition of transfection complexes, prepared in Opti-mem serum-free medium, by mixing 0.3 mL siPORT NeoFX Transfection Reagent and 1 pmol siRNA (CMGC subset of kinase library). Three different siRNAs targeting each different kinase were transfected in triplicate. Data were normalized by a negative control-the average of three nonsilencing siRNAs (Silencer Negative Control #1, #2, #3 siRNA). Cells were incubated for 72 h, and cell proliferation was measured using an alamar blue cell proliferation assay. The average of the triplicate transfection for each of the three different siRNAs is plotted with error bars representing standard deviations of the nine wells per gene. The size of the error bars derives principally from the use of three different siRNAs per gene. We have found that chemical reverse transfection can be used to efficiently and reproducibly deliver siRNAs to immortalized, adherent cells in 96-and 384-well plates. In addition, we developed a 96-well electroporator to facilitate high-throughput delivery of siRNAs to primary cells and hard-to-transfect immortalized cell lines. While transfection efficiency and cell viability are cell type-specific for both high-throughput delivery methods, we find them both to be highly reproducible. Coefficients of variance, as measured from the percent of mRNA remaining after siRNA delivery, were similar between 96-well reverse transfection and 96-well electroporation, CV = 20%-27%.
The high reproducibility of the chemical reverse transfection method likely results from three characteristics of the technique: (1) Reverse transfection enables the use of master mixes for both cells and transfection reagent, reducing well-to-well reagent variability; (2) reverse transfection is more efficient than standard transfection, making it possible to achieve threshold target gene reduction at siRNA concentrations that are too low to induce cytotoxicity; and (3) there are fewer pipetting steps relative to standard transfection, reducing the variability of reagent concentration and volume that can occur with repeated pipetting and manipulation.
The high reproducibility of the 96-well electroporator relative to what can be achieved with a single cuvette electroporator is due to several factors: (1) The cells being electroporated are processed and electroporated together, reducing the variability that occurs in cells between the time that they are harvested and when they are ultimately electroporated; and (2) the voltage applied by an electroporator can vary by as much as 10% when using the same delivery parameters. Electropermeabilizing 96 cell samples at a time eliminates this variable.
A distinct advantage of electroporation over other methods of siRNA delivery is that electropermeabilization is independent of cell-cycle stage. This makes it possible to deliver siRNAs to even nondividing or slow-dividing cells. A disadvantage of electroporation approach is that an 10-fold higher siRNA amount is required for successful gene silencing, compared to the chemical transfection method. Another interesting feature of electroporation is that gene silencing is apparent just a few hours after delivery. The observation that the 96-well electroporator can be used for siRNA studies with as few as 25,000 cells is extremely beneficial for primary cells that are difficult to obtain or culture. Large-scale RNAi screening in most biologically relevant primary cells, a setting where genomic manipulations have proven difficult, is a valuable research tool for studying gene function, target validation, and gene therapeutic approaches.
The combination of high-throughput chemical reverse transfection and 96-well electroporation will enable researchers to use siRNA libraries to identify genes in virtually any cellular process using virtually any cell type. The widespread application of this approach will make it possible to assign cellular functions to many or even most of the genes in the human, mouse, and rat genomes.
MATERIALS AND METHODS
Cells and cell culture siRNA (Silencer Cyclin D1 siRNA), NFKBp65 (Silencer NFKBp65 siRNA), STAT1 siRNA (Silencer STAT1 siRNA), PKCa siRNA (Silencer PKCa siRNA), RAF1 siRNA (Silencer RAF1 siRNA), MMP-2 siRNA (Silencer MMP-2 siRNA), nonsilencing siRNA (Silencer Negative Control #1 siRNA), and low-conductivity electroporation pulse medium (siPORT siRNA Electroporation Buffer) were obtained from Ambion.
siRNA synthesis
Single-stranded RNA oligonucleotides were synthesized and column-purified (>90% purity as analyzed by mass spectrometry). The single-stranded RNA oligonucleotides were annealed to generate the double-stranded siRNAs that were used for reverse transfection and for electroporation (annealed siRNAs were analyzed by nondenaturing PAGE; Ambion).
Preparation of cells for chemical transfection
Cells were harvested by incubation with 0.05% trypsin-EDTA/PBS (Gibco) for 5 min at 37 C, and trypsin was inactivated by adding complete growth medium. Cell viability was assessed by Trypan Blue (Invitrogen) assay, and each cell suspension was incubated at 37 C in polypropylene tubes (1 h or less) until used in the chemical reverse transfection.
Chemical transfection
Transfection complexes were prepared in Opti-mem serum-free medium (Invitrogen) by mixing 0.3 mL of siPORT NeoFX Transfection Reagent (Ambion) and 10 nM of siRNA (individual siRNA members of the CMGC kinase library targeting CDK, MAPK, GSK3, and CLK gene families; Ambion). HeLa cells (5000 cells/well) were plated in 96-well format simultaneously with addition of transfection complexes. Cells were incubated for 72 h, and subsequently analyzed with an alamar blue cell proliferation assay (Biosource) according to the manufacturer's recommended protocol.
The 384-well transfections were performed with an automatic liquid handling system (Beckman Biomek 2000) by complexing 30 nM of siRNA and 0.3 mL of siPORT NeoFX Transfection Reagent (Ambion) in Opti-mem serum-free medium (Invitrogen) for 15 min. HeLa cells (4000 cells/well) were plated in 384-well format. Plates were sealed with free-gas exchange lids (Axygen) to prevent water evaporation.
Preparation of cells for electroporation
Cells were harvested by incubation with 0.05% trypsin-EDTA/PBS (Gibco) for 5 min at 37 C, and trypsin was inactivated by adding growth medium. Cells were centrifuged at 200g for 7 min, and the cell pellet was resuspended in an appropriate amount of pulse medium.
Single-cuvette electroporation
First, 75 mL of cell suspension containing 75,000 cells and 1.5 mg of siRNA were transferred into a 1-mm electroporation cuvette (BTX). An electrical field was applied to induce siRNA transfer into the cells. After electroporation, cells were incubated in the cuvette at 37 C for 10 min and then transferred into 1 mL of prewarmed (37 C) complete growth medium.
High-throughput electroporation
Here, 40 mL of cell suspension containing 25,000 cells and 1.0 mg of siRNA were used for each sample of a 96-well electroporation reaction. After electroporation, 30 mL of cell suspension was recovered and transferred into 160 mL of prewarmed (37 C) complete growth medium in 96-well tissue culture plates.
Electroporation
The Gene Pulser Xcell System (Bio-Rad) was used for single-cuvette electroporation. A 96-well electroporation device (siPORTer-96 Electroporation Chamber; Ambion) was used with the Gene Pulser Xcell power supply with CE Module (Bio-Rad) to enable highthroughput electroporation in a standard 96-well format. Electroporation reactions were performed in siPORT siRNA Electroporation Buffer (Ambion). Cell viability was measured by the Trypan Blue (Invitrogen) assay 24 h post-electroporation.
Real-time RT-PCR analysis
Total RNA from siRNA electroporated cells was isolated using the MagMAX96 Total RNA Isolation Kit (Ambion). The purified, DNase-treated RNA was reverse transcribed with random decamers using the RETROscript Kit (Ambion). Gene expression levels were determined by real-time PCR using SuperTaq reagents (Ambion) and SYBR Green (Molecular Probes) on the ABI Prism 7900 SDS (Applied Biosystems). The GAPDH data were collected using a human primer set (forward: gaaggtgaaggtcggagt, reverse: gaagatggtgatgggatttc) and rat primer set (forward: catcttcttgtg cagtgcca, reverse: gaggtcaatgaaggggtcgtt). 18S rRNA was amplified (forward: ttgactcaacacgggaaacct, reverse: agaaagagctatcaatctgt caatcct, probe: 5 0 -VIC-acccggcccggacacgga-TAMRA-3 0 ) as an endogenous control to adjust for well-to-well variances in amount of starting template. The corrected values were normalized to a sample transfected with the nonsilencing siRNA.
